Relationship between enzymatic activity loss and post-translational protein modification in aging.
During aging, there is a decrease in the activity of many enzymes. The mechanism causing the loss of activity is still not well understood in most cases. We have studied the decrease in the activities of the malic, 6-phosphogluconate dehydrogenase and superoxide dismutase enzymes. The old malic enzyme is about 36% less active than the young enzyme and the old 6-phosphogluconic dehydrogenase enzyme is about 26% less active than the young enzyme. In this paper, some chemical properties of these enzymes are studied. Diethyl pyrocarbonate measurements indicate that the old malic enzyme has 1 histidine residue less than the young malic enzyme. Moreover, the treatment of the young malic enzyme with ascorbate for 15 min produces the loss of 36% of enzymatic activity and the loss of 1.2 histidine residues. 2,4,6-trinitrobenzenesulfonic acid measurements indicate that the old 6-phosphogluconate dehydrogenase enzyme has 11 lysine residues less than the young 6-phosphogluconate dehydrogenase enzyme. The proteolysis with trypsin produces more peptides in the young 6-phosphogluconate dehydrogenase enzyme than in the old one. However, similar numbers of peptides were produced when endoproteinase Arg-C was used in both enzymes, young and old 6-phosphogluconate dehydrogenase. Moreover, the treatment of young 6-phosphogluconate dehydrogenase enzyme with ascorbate for 15 min produces the loss of 8 lysine residues. These results suggest that during aging the modification of histidine residue could be involved in the loss of malic enzyme activity, and the modification of lysine residues could be involved in the loss of 6-phosphogluconate dehydrogenase activity. These results could also suggest that the modification of histidine and lysine residues during aging could be produced by oxidation. This could be a general process in aging, with an increase in the oxidation of many proteins. The relevance of this process in the aging effects must be related to the kind of proteins that are susceptible of oxidation and that this oxidation affects their enzymatic or biological function. We have also studied other enzymes one of which is the superoxide dismutase enzyme involved in the protection against oxidative damage. Our results are similar to those described for malic enzyme. In the latter case, the failure to measure one of the histidines in the Cu/Zn SOD is due to a chemical modification, probably caused by oxidation of the residue.